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RESULTS OF LANDING GEAR STABILITY DROP TESTS

1/6 SCALE MODEL

INTRODUCTION

This report contains the results of all tests conducted with the
LEM 1/6 Scale Model - LTIM320-10000.

The report is presented in sections, the first of which, Section A,
contains the results of the Preliminary landing Gear Stability Drop
Tests. Should it be necessary to conduct further tests on this type of
model, the results of these tests will be included as additional sections
to this report.
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RESULTS OF IANDING GEAR STABILITY DROP TESTS 1/6 SCALE MODEL

SECTION A - 1/6 SCALE MODEL - LTM320-10000

Purpose

This section of the report containe the results of initial develop-
mental tests which were performed to evaluate the stability of a
proposed four-strut configuration of the LEM lunar landing gear.

The test model used, (GAEC drawing no. LTM320-10000), was not an
exact 1/6 scale LEM model because the LEM landing gear configuration
has undergone substantial change since this model was made.
Therefore, the data obtained as a result of these tests may serve
only to verify analytical techniques for this particular model.

These tests were conducted in partial fulfillment of the requirements
of Contract No. NAS 9-1100.

Description of Test Model

The test model was dimensionally a one-sixth scaled model of a
proposed LEM vehicle having a landing gear tread radius of 141.4 in.
The model weight was 45.5#, the C.G. was vertically located 26.2
inches above the pads, and the sprung mass moment of inertia was
5.35 slug-fta. The sprung mass is defined as the total mass of the
model less the mass of the gear strut pistons and pad assemblies.
The test specimen is shown on pege 1.12,

In order to provide extremes in "friction" conditions the foot pads
were modified as explained in Test Conditions and Discussion of Test
Results. A typical modified pad may be seen in the photo on page
1.17.

Test Set-Up and Procedure

The test set-up and procedures were as described in the test plan
Report No. LTP-560-1. The drop test set-up is shown in Figure III.

Model attach and release is accomplished through a pneumatically
actuated clamp assembly. At model release the clamp assembly is
triggered by a carbon fllament circult breaker when the drop test
fixture is perpendicular to the ground. The attach and release
assembly may be seen in the photograph on page A-18.
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RESULTS OF LANDING GEAR STABILITY DROP TESTS 1/6 SCALE MODEL

SECTION A - 1/6 SCALE MODEL - LIM320-10000

Discussion of Test Results

Series I conslsted of dropping the model with vertical velocity
only and a combination of vertical and horizontal velocities.
Other conditions imposed upon the model were as described in the
chart of test conditions found on page A.2.

All combination drops in this series were made with a vertical
velocity of 8 fps. All other conditions imposed upon the model

were identical for all drops with the exception of the simulated
landing surface. The effect of various surfaces upon the stability
of the model may be found in the Summary of Test Results on page A-5.

In order to provide the maximum stroking condition upon the gear upper
struts, a surface with the lowest coefficient of sliding friction was
provided. The result of a coefficient of sliding friction investi-
gation determined this to exist under the following conditions: a
lubricated aluminum landing surface and lubricated rubber gear pads.
The coefficient of sliding friction under these conditions was .09.

Series II consisted of dropping the model with a combination of
vertical velocity and horizontal velocity. Other conditions imposed
upon the model were as described In the chart of test conditions
found on page A-3.

The stability profile for vertical velocities of 2 fps to 12 fps may
be found in the Summary of Test Results, Series II, on page A-6 and
Figure I.

Maximum vertical and horizontal accelerations for Series I and II may
be found in the Summary of Test Results on pages A-5 and A-6. A
typical acceleration-time curve is showm in figure II.

As a result of measuring the energy absorption cartridges before and
after each drop it was possible to determine the amount of kinetic
energy absorbed by the cartridges. By determining the amount of

kinetic energy for each drop at impact and comparing this value with the
energy absorbed by the cartridges after completion of the drop it has
been determined that the cartridges were absorbing 15 - 20% less energy
than that which existed at model impact. This unaccountable energy is
dissipated in several ways. Venting air from the struts, rebounding

of the model, piercing of the wood impact surface by the spiked pads,
stretching of the restraining cables and surface friction.
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RESULTS OF PRELIMINARY LANDING GFAR STABILITY DROP TESTS 1/6 SCALE MODEL

SECTION A - 1/6 SCALE MODEL - LAM320-10000
1. LOG OF TESTS
_l'nﬁ RUN VERT, VEL, HOR, VEL, CONDITIONS REMARKS
FPS FPS
4-29-63 11.1 0 Specimen Attitude-Level Check Drop
Cartridges: Primary Strut-
2LL#, Secondary Strut-lhof
4-29-63 1 b 0 " Greased Aluminum Lending Surface
l+-30-63 2 8 I} " " " " "
4-30-63 3 9.8 0 " Oiled Aluminum Landing Surface
4-30-63 4 9.8 o] " Greased Aluminum Landing Surface
5-1-63 5 13 0 " " " n i
5-1-63 6 8 0 Specimen Attitude-10° Nose " " " "
down
5-13-63 7 10 0 Specimen Attitude-level ! " " "
5.13-63 8 13 0 n " " " " " "
5-13-63 8 5 " " Check Drop
5-17-63 9 8 5 Specimen Attitude-10° Greased Aluminum Landing Surface
Nose Up, Lead Gears
Restrained by Curd
5-17-63 10 8 5 Lead Gears Restrained Fully Left front pad jumped over
obstacle
11 8 5 " " " " Pads engaged top of obstacle
1o 8 5 " " " " " ) won "
5-20-63 13 8 5 " " " M
14 8 7 Slide-restrained
5-21-63 15 8 7 " " Aft pads pulled out of uniball
fitting on impact.
5-22-63 16 8 7 " "
17 8 7 Lead Gears Restrained No photos
Curb
5-24-63 18 8 7 " " " Pads engaged top of obstacle
19 8 7 " " n
20 8 6 Slide-restrained
21 8 6 Lead Gears Restrained Fully No photos
5—27—63 22 8 6 " " " "
23 8 6 Lead Gears Restrained
Curb
5-27-63 ol 8 6 Lead Gears Restrained by Curb Soft cartridge investigation
5-29-63 25 10 o} Specimen Attitude Level
All Gears Fully Restrained
6-2-63 26 10 o I " i "
o7 15 0 " " "
6-4-63 28 8 5 ! " !
6-5-63 29 8 & " " " End of Series I
6-20-63 30 10 2 Specimen Attitude-5° Nose Up Start Series II
Lunar Surface-5° Down
All Gears Fully Restrained
Cartridges-140# Load Level
31 10 3 Y
32 10 L "
6-21-63 33 10 5 "
34 10 6 "
35 10 6 "
6-24-63 36 10 L "
6-25-63 37 10 5 "
38 10 6 "
6-26-63 39 10 6 "
Lo 10 6 " Rear Gear Impact Surface
made of Balsa Wood
6-27-63 L1 10 5 "
L2 10 6 "
L3 10 6 " Rotation of Rear Pads Restricted
Allowing Pads to Impact Flat
Ly 10 5 "
6-28-63 L5 10 L.3 "
46 10 3.5 "
7-2-63 L7 8 3 "
7-2-63 L8 8 I "
ug 8 5 "
50 8 5 "
51 8 6 "
52 8 5.8 "
7-3-63 53 8 5v2 "
5k 6 N "
55 6 5.5 "
7-8-63 56 [ 6.3 " No photos
7-9-63 57 6 6.6 "
58 6 6.5 " Investigation-Solid Secondary
Rear Struts
7-16-63 59 b 5 "
60 4 6 "
61 L 6.9 "

Fopert 1R 904 -16001
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